The establishment of a method that would overexpress or suppress of specific microRNA activity is essential for the functional analysis of these molecules and for the development of miRNA therapeutic applications. There already exist excellent ways to inhibit miRNA function in vitro and in vivo by overexpressing miRNA target sequences, which include miRNA 'decoys', 'sponges', or 'antagomirs' that are complementary to an miRNA seed region. Conversely, no methods to induce stable gain-of-function phenotypes for specific miRNAs have, as yet, been reported. Furthermore, the discovery of complementary miRNA pairs raises suspicion regarding the existing methods used for miRNA overexpression. In our study, we will study whether the traditional methods for miRNA overexpression can be used for specific miRNA overexpression while complementary miRNA pairs exist. In addition, we test various miRNA-expression cassettes that were designed to efficiently overexpress specific miRNA through the shRNA lentivirus expression system. We report the optimal conditions that were established for the design of such miRNA-expression cassettes. We finally demonstrate that the miRNAexpression cassettes achieve efficient and long-term overexpression of specific miRNAs. Meanwhile, our results also support the notion that miRNA-miRNA interactions are implicated in potential, mutual regulatory patterns and beyond the seed sequence of miRNA, extensive pairing interactions between a miRNA and its target also lead to target-directed miRNA degradation. Our results indicate that our method offers a simple and efficient means to overexpress the specific miRNA with long-term which will be very useful for future studies in miRNA biology, as well as contributed to the development of miRNA-based therapy for clinical applications.
Introduction
Thousands of non-coding RNAs (ncRNAs) have been observed over the past decade. MicroRNA (miRNA) is a type of ncRNA that is composed of 18-24 nucleotides and is generally highly conserved between different species [1, 2] . There is increasing evidence that miRNAs play important roles in various biological processes, including development, differentiation, and stemness by combining with the 5′UTR, ORF, or 3′UTR of a target gene mRNA to suppress its translation or induce its degradation [3] [4] [5] [6] . Moreover, the aberrant expression of miRNA was reportedly associated with human diseases [7] [8] [9] . Until now, many studies have contributed to the development of miRNA-based therapy for clinical applications [10, 11] . Many therapeutic miRNAs and smallinterfering RNAs (siRNAs) offer important biopharmaceutical properties that have been commercially developed as potential medical treatments [10] [11] [12] [13] . The process of analyzing the underlying molecular mechanisms of miRNA regulation is quite extensive. Further, the development of reagents that can strongly suppress and overexpress specific miRNAs has also generated much interest and will be important for basic miRNA research and as a possible therapeutic strategy.
Currently, there are already numerous, well-proven ways to inhibit specific miRNA functions in vitro and in vivo by overexpressing miRNA target sequences, including miRNA 'decoys', 'sponges', or 'antagomirs' that are complementary to an miRNA seed region [14] [15] [16] [17] [18] . Among them, the overexpression of efficient RNA decoys through the lentiviral vectors can achieve better effectiveness, which can suppress specific miRNA activity for over 1 month, as compared to the sponges and antagomirs [14] . However, less attention has been paid to specific miRNA overexpression. Several studies have shown that the abnormally low expression of miRNAs usually leads to the upregulation of oncogene, which assumes primary responsibility for the occurrence of cancer [19] [20] [21] [22] . At present, the most commonly employed methods to induce miRNA overexpression are by expressing the pre-miRNA via RNA polymerase II or chemically modified double-stranded RNAs that mimic endogenous miRNAs [23] [24] [25] [26] [27] [28] . miRNA is typically assumed to be a carrier strand of the mature miRNA; it has demonstrated its effects on gene regulatory networks in both cultured cells and living animals [29] . In addition, an interesting phenomenon was recently discovered, but it remains incompletely understood: Natural or endogenous sense/antisense miRNAs can complementarily bind to each other, such as has-miR-24 and has-miR-3074-5p, has-miR-486-5p and has-miR-486-3p, and so on. The authors of several studies have speculated that the interaction between complementary miRNA pairs implies that there is a complex, potentially mutual regulatory pattern among miRNAs [30, 31] . This discovery has potential impacts on the traditional methods used to overexpress and inhibit miRNAs. In our study, we attempt to expound the shortcomings of the traditional methods employed to study miRNA, and we designed various miRNA-expression cassettes to establish a specific, long-term miRNA overexpression strategy using the shRNA lentivirus system.
Material and methods

Lentiviral Vector Construction and Viral Production
Oligonucleotide pairs for miRNA expression cassettes, listed in Supplementary Table S1 , were annealed and cloned into the pLKO.1-TRC vector digested with AgeI and EcroRI to generate the pLKO.1-miR lentiviral vector. A human genomic DNA fragment comprising pri-miR-378 and pri-miR-486 was amplified by polymerase chain reaction (PCR) using primers (listed in Table S2 ). The amplified fragment was cloned into the EcoR I and BamH I restriction enzyme sites of pMD18-T vector (TaKaRa, Kusatsu, Japan) and verified by sequencing. The fragment was excised from the pMD18-T vector and ligated into the pLVSIN CMV Puro destination vector (TaKaRa) resulting in the pLVSIN-miR-378/486 vector. Viral particles were generated by transfecting plated 293T cells with pLKO.1-miR lentiviral vectors or with the pLVSIN-miR-378/486 vector, along with gag/pol and VSV-G vectors at proportions of 9:9:1 using calcium phosphate transfection. After 24 hours, 6 mL of fresh medium was added and the supernatant from the transfected cells was collected at 48 hours and 72 hours. Then, the lentiviral vector was obtained through centrifugation and filtration by a 0.45 µm filter.
Cell culture and construction of stable cell lines
H460 cells were grown in Roswell Park Memorial Institute (RPMI) 1640 medium, and the SKBR3, A549, HeLa, and 293T cells were grown in Dulbecco's Modified Eagle's Medium (DMEM) supplemented with 10% fetal bovine serum (FBS; Thermo Fisher Scientific, Waltham, MA, USA) and 1% antibiotic-antimycotic (Thermo Fisher Scientific). Both were incubated in a humidified atmosphere of 5% CO 2 at 37°C; the media were changed every other day. The cells were seeded at 5×10 5 per 10 cm dish and infected with lentivirus, which was packaged by our team within 24 hours; the media were changed after being 24 hours of transduction. The stable cell lines were constructed with the addition of puromycin (5 μ g/mL) 48 hours after being infected; for our study, a generation or two of stable cell lines were used in experimental studies due to specific cell behaviors that were generated, such as apoptosis and inhibited cell proliferation, following the introduction of alien genes.
miRNA-oligonucleotides and transfection
Chemically modified, double-stranded RNAs that mimic endogenous miRNAs were purchased from Shanghai GenePharma Co. Ltd (Shanghai, China) and Thermo Fisher Scientific. Transfection was performed using the siRNA Transfection Reagent (Hoffmann-La Roche, Basel, Switzerland) using miRNA oligonucleotides in OpTi-MEM I (Gibco®; Thermo Fisher Scientific) until they reached a final concentration of 100 nM, as per the manufacturer's instructions.
RNA isolation and qRT-PCR
Total RNA was extracted from cell lines using TRIzol reagent (Thermo Fisher Scientific) according to the manufacturer's instructions; RNA quality was assessed by agarose gel electrophoresis. For the gene expression analysis, a total of 1 μ g of RNA for each sample was reverse-transcribed to cDNA using reversetranscription kits (Promega, Madison, WI, USA), and real-time quantitative reverse transcription (qRT)-PCR was performed on a 7500 real-time PCR System (Applied Biosystems, Foster City, CA, USA) using FastStart Universal SYBR Green Master [Rox] (Hoffmann-La Roche). The primers used in the present study are shown in Table S3 . Then, 18S was used as the internal reference for normalization. The relative mRNA expression was analyzed using the 2 -ΔΔCt method.
To detect mature miRNA, we performed a stem-loop qRT-PCR assay. miRNAs were reverse transcribed from total RNA using a reverse-transcription system kit (Applied Biosystems) with the miRNA-specific stem loop-reverse transcription (RT) primers, which were designed by our team in accordance with the manufacturer's instructions. Briefly, 1 µg of total RNA, the specific stem loop-RT primer mix (50 nM for each), 1× RT buffer, 0.25 mM each of dNTPs, 3.33 U/µL of MultiScribe reverse transcriptase, and 0.25 U/µL of RNase inhibitor were intermixed. The 15 µL reactions were incubated for 30 minutes at 16°C, 60 minutes at 42°C, 5 minutes at 85°C, and then held at 4°C. Real-time PCR was performed using the FastStart Universal SYBR Green Master [Rox] (Hoffmann-La Roche) with miRNA forward primer and universal primer (URP). The miRNA-specific stem loop-RT primers and universal primers are listed in Table S4 . Real-time PCR was performed on a 7500 real-time PCR System (Applied Biosystems), and the PCR reactions were conducted at 50°C for 2 minutes and 95°C for 10 minutes, followed by 40 cycles at 95°C for 15 seconds and 60°C for 60 seconds using an ABI 7500 fast real-time PCR system. U6 snRNA was used as an internal control, and the relative miRNA expression was analyzed using the 2 −ΔΔCt method.
Cell Proliferation Assay
Cell proliferation capacity was evaluated using the CCK 8 assay, according to the manufacturer's instructions. The cells from one-or two-generation stable cell lines were seeded onto 96 well plates with the same cell number. CCK 8 (10 μ L) was added to each well and the cells were incubated for a further 2 hours at 37 C. The optical density (OD) was measured at 450 nm using an auto microplate reader (Infinite M200; Tecan, Männedorf, Switzerland).
Apoptosis Assay and Cell-cycle Assay
After 48 hours, and once selected and enriched by applying puromycin in the culture medium after virus transduction, both the suspension and attached cells were gently collected. The cell density was adjusted to 5×10 6 cells/mL. Then, 100 μ L of cell suspension was incubated with 5 μ L AnnexinV/FITC for 10 minutes and then with 5 μ L of propidium iodide (PI; BD Biosciences, Franklin Lakes, NJ, USA) for 5 minutes at room temperature in dark. The apoptosis rate was measured by flow cytometry (FCM). For the cell-cycle assay, the cells were trypsinized, harvested, and washed in cold phosphate buffered saline (PBS) once and fixed in 75% ethanol at -20°C for 24 hours. The cells were then centrifuged, washed in cold PBS once, and stained in PI/RNase staining buffer (Tianjin Sungene Biotech Co., Ltd., Tianjin, China) at room temperature for 30 minutes in the dark, at which point they were finally analyzed using a BD FACSCalibur Flow Cytometer (BD Biosciences). For each sample, 10 5 events were counted.
Statistical Analysis
The results are presented as the means ± standard deviations. Student's two-tailed t-test was performed to compare the differences between the experimental and control groups. A P-value of <0.05(*) was considered significant; a P-value <0.01 (**) was considered highly significant.
Results
The influence of the discovery of complementary miRNA pairs to the present miRNA overexpression methods
The establishment of an miRNA date-storage platform can provide the miRNA sequence, pre-miRNA secondary structure, miRNA gene loci, and other miRNA annotation information [32, 33] . Many bioinformatics tools have been developed for miRNA biogenesis and to investigate questions within the field of miRNA biology, and many interesting phenomena were subsequently discovered [34, 35] . Remarkably, some miRNA pairs, located in the same or different genomic regions, also showed complementarity, in addition to endogenous sense/antisense miRNAs [30] .
Chemically synthesized miRNA mimics for complementary miRNA pairs overexpression
It is well-known that the miRNA mimics that were used for miRNA overexpression are innovative molecules designed for gene-silencing approaches [36, 37] . Specifically, their design is based on native miRNAs, which usually have mismatches between the 5p and 3p strands. We wonder whether the miRNA mimics that were chemically synthesized are suitable for the overexpression of complementary miRNA pairs. Thus, in our study, we chose the has-miR-486-5p and has-miR-486-3p pair to test our assumption, which is processed by pri-miR-486; these miRNAs were reported to be complementary to each other. As shown in Figure 1 , whether transfection with the miR-486-3p mimic or the miR-486-5p mimic in A549 cells all leads to the overexpression of miR-486-3p and miR-486-5p, it is interesting to note that the miR-486-5p expression level is higher than that of miR-486-3p when using the miR-486-3p mimics. To further verify this phenomenon, we performed similar experiments using H460 and HeLa cells; by doing so, we obtained very similar results, except that the expression of miR-486-5p was dramatically lower in HeLa cells than in A549 or H460 cells following transfection of miR-486-3p mimics ( Supplementary Figures 1 and 2) . Previous studies have shown that miR-486-5p directly targets phosphoinositide-3-kinase (PIK3R1) and protumorigenic ARHGAP5, and that it functions as a potent tumor suppressor of lung cancer both in vitro and in vivo, while overexpression miR-486-3p in cervical cancer cells can inhibited cell growth and metastasis by targeting ECM1 [19, 38, 39] . To study the impact of miRNA on the reported miR-486-regulated gene expression, we detected the expression of PIK3R1, ARHGAP5, and ECM1 after transfecting the miR-486-3p or 5p mimics in the A549, H460, and HeLa cells. The results showed that the expression of ECM1 is significantly downregulated following miR-486-5p mimics transfection in all cell lines, while the miR-486-3p mimics' transfection also results in the ECM1 downregulation, but without a remarkable difference, which is inconsistent with the previous report. However, we found that the PIK3R1 gene can be downregulated by the transfection of the miR-486-3p or miR-486-5p mimics in the A549 or H460 cells, but with no change in ARHGAP5 in the A549 and HeLa that were transfected (Figure 1d ; Supplementary Figures 1d and 2d ). Based on these results, we may conclude that while the miRNA we studied are complementary to each other, use of chemically produced miRNA-oligonucleotides should be minimized.
Lentivirus-mediated Pri-miRNA Expression for Specific miRNA Overexpression
Since the chemically produced miRNA-oligonucleotides are designed to be introduced into cells by transfection, the effects associated with their overexpression are invariably transient. We thus discovered that the cell viability changes with the influence of the transfection reagent's toxicity. Therefore, the establishment of a method that would overexpress miRNA for a more prolonged period of time was thus very desirable and was needed to conduct a more detailed analysis of the networks formed between miRNA and the coding genes. In previous studies, researchers usually elucidated miRNA function by cloning the pri-miRNA sequences with 100-200 bp 5' and 3' flank sequences to the lentiviral vector with a cytomegalovirus (CMV) promoter (40, 41) . In order to verify the validity of this method for specific miRNA overexpression, we cloned the pri-miR-378 and pri-miR-486 sequences with 100 bp 5' and 3' flank sequences to the pLVSIN-CMV-Puro vector; the lentivirus that contains the pri-miR-378 and pri-miR-486 pairs was packed and the stable cell lines were constructed. We directly determined miRNA expression levels using stem-loop qRT-PCR. The pLVSIN-pri-miR-378 lentivirus (but not pLVSIN-pri-miR-486) induced the overexpression of miRNA (Figures 2) . What is interesting is that miR-378-5p and miR-378-3p overexpression occurred simultaneously in the stable cell lines. Meanwhile, their target genes, TOB2 and Vimentin, which were reported in previous studies (42, 43) , were downregulated respectively ( Figure 2 ). As such, we can conclude that the method that cloned the pri-miRNA to the vector can be used to study the overall function of miRNAs, but it was not applicable to all miRNAs.
Overexpression of Complementary miRNA Pairs Using Lentiviral Vectors Expressing Short-hairpin RNA
It is well-known that siRNA is a special form of miRNA that usually down-regulates target genes through a similar pathway. RNA interference (RNAi) technology using short-hairpin (sh)RNAs, which are transported to the cytoplasm by Exportin-5 and are processed by Dicer into siRNAs, has been detailed in past studies and has been widely exploited to modulate gene expression in a variety of mammalian cell types. Pre-miRNAs are structurally analogous to shRNAs and both are dependent on the karyopherin Exportin 5 (Exp5) for nuclear export. Pre-miRNAs reach the cytoplasm, at which point both the pre-miRNAs and shRNAs are processed by the RNase III enzyme Dicer to yield miRNA or siRNA duplex intermediates, one strand of which is then incorporated into RISC to downregulate the target gene [44, 45] . Considering the similarity of the processing mechanism for both pre-miRNA and shRNAs, we wonder whether the shRNA lentiviral platform can be used for specific miRNA overexpression. In our study, the pLKO.1-CTL vector, which is typically used for shRNA expression, was chosen to establish the lentiviral system to assess specific miRNA overexpression. Generally, when creating the shRNA cassette for a target gene, researchers usually suggest that the sense strand comes first, followed by the spacer, then the antisense strand [46] . We thereby designed a series of miRNA expression cassettes that placed the miR-486-3p sense downstream (#001) and upstream (#002) of the stem-loop.
We also constructed another miRNA expression cassette (#003), whereby the miR-486-3p sense in the downstream and upstream antisense sequences were mutated with four bases, as well as the miR-125a-5p expression cassette (#004), where mature sequences serve as the sense strand and have mismatches with the 3p strand; the latter was used as a control (Figure 3a ). As shown in Figure 3b , we can detect the overexpression of miR-486-3p sense and antisense, irrespective of which comes first. However, with the mutation of the antisense upstream, the expression of the sense downstream significantly decreased. In addition, the expression of the miR-486-3p sense was higher than that of the antisense when we ensured that the miR-486-3p mature sequence sense came first when designing the miRNA-expression cassettes. More interesting is that whether the sense or antisense came first when we designed the miR-486-3p expression cassettes, all inhibited the proliferation of A549 cells through cell-cycle arrest and by promoting apoptosis (Figures 3c and 3d ). This shares a similar function to the miR-486-5p that was reported in previous studies [19] , while the miRNA expression cassette #003 plays the opposite role (Figures 3c and 3d ). Mounting evidence suggests that the activation of wild-type p53 can promote the expression of miR-486 [19, 47] ; thus, the impact of the addition of drugs that can activate p53 and stimulate the proliferation of A549 via stable miRNA expression cassettes was examined. As shown in Figure 4a , the addition of doxorubicin or nutlin3 all promoted the ability of miRNA cassettes to inhibit the proliferation of A549 cells, except in the case of miRNA expression cassette #003 which make the sensitivity of A549 cells to the anticancer drugs decreased. We wondered whether the opposite effect occurs due to the expression of the sense of miR-486-3p downstream of miRNA expression cassette #003 complementary to the mature miR-486-5p and then affect the function of target gene of miR-486-5p.
Thus, we then decided to detect the influence of miRNA expression cassettes (#001-#004) on the target genes PIK3R1, ARHGAP5, and ECM1, which are known to be regulated by miR-486-5p and miR-486-3p. However, the results did not match our expectations, as the ECM1 and PIK3R1 (which are reportedly downregulated by miR-486-3p and miR-486-5p) were significantly upregulated by the miRNA expression cassette #001. As such, the cassette #002 induced the higher expression of miR-486-3p sense when compared with the miR-486-3p antisense, and this downregulated the expression of PIK3R1 but upregulated the expression of ECM1 ( Figure  4b ). Further, the miR-125a-5p expression cassette, which has mismatches between the 5p and 3p strands, significantly reduced the expression of Erbb2, which is in agreement with the findings of previous studies [48] . To verify the results reported above, we also repeated the test on the H460 and HeLa cells ( Figure S3 ). In addition, we also designed miRNA expression cassettes (#005 and #006) according to the miR-486-5p mature sequence; by doing so, similar results were obtained, irrespective of whether other cell lines were investigated or if the miR-486-5p expression cassettes were used( Figure 5 and Figure S4 ). From these results, we tentatively concluded that the miRNA expression cassettes, which were designed as miR-486-3p and miR-486-5p mature sequences, could be processed by the RNase III enzyme Dicer to express sense or antisense, and the expression levels of sense and antisense were related to the sequence. However, the results are inconsistent when the miRNA that we wish to overexpress possess complementary miRNA pairs, while the other miRNAs (which have mismatches between the 5p and 3p strands) are overexpressed correctly. As mentioned above, when creating the shRNA cassette for the target gene, researchers usually ensure that the sense strand comes first, followed by the spacer, and then the antisense strand. We hypothesize that the overexpression of sense upstream in the miRNA expression cassettes may play a major role in target-gene downregulation, while antisense overexpression inhibits the roles of sense.
Constructing Expression Cassettes for Specific miRNA Overexpression
Next, we designed a series of miRNA expression cassettes where the sense shared the same mature sequence of miR-486-3p (#007, #008, #009) and miR-486-5p (#010, #011), but the antisense was mutated with two or more loci, which was done in an attempt to eliminate the influence of the antisense in order to achieve the long-term overexpression of specific miRNAs (Figures 6a and 7a ). The lentivirus, which contains the miRNA expression cassettes (#007, #008, #009, #010, #011), were packed and the A549 or H460 cells were infected to obtain stable cell lines. Then, we directly determined the miR-486-3p and miR-486-5p levels using quantitative real time RT-PCR. MiR-486-3p was overexpressed in the stable A549 cell line, which expressed miRNA expression cassettes #007, #008, and #009. While increasing the number of mutated bases of the downstream antisense sequence, the fold overexpression decreased (Figure 6b ). Another notable finding was the downregulation of endogenous miR-486-5p expression, along with the overexpression of miR-486-3p; this is compliant with a rule where the increased multiple overexpression of miR-486-3p is consistent with the reduced multiple expressions of miR-486-5p. We also detected the expression of the target genes PIK3R1, ARHGAP5, and ECM1 in the stable A549 cell line, which expressed the miRNA expression cassettes #007, #008, and #009. As shown in Figure 6c , the expression of ECM1 and PIK3R1 was significantly downregulated with the expression of miRNA expression cassettes #007, #008, and #009, which were either upregulated or did not change with the expression of the miRNA expression cassettes #001 and #002 with no mutation in the antisense downstream. Only the expression of miRNA expression cassette #007 induced the downregulation of ARHGAP5, while the other miRNA expression cassettes could not. Furthermore, we found that the cell cycles were significantly suppressed with the downregulation of the target gene. miRNA cassettes #007, #008, and #009 expressed in the H460 cells also yielded similar results ( Figure S5 ). For miRNA expression cassettes #010 and #011 (Figure 7a ), the overexpression of miR-486-5p could be detected and the expression of miR-486-3p was significantly suppressed (Figure7b) . Further, we found that the target gene that was regulated by miR-486-3p in our study was upregulated with the overexpression of miR-486-5p (Figure 7b ). This finding corresponds to the previous result. Moreover, we found that the overexpression of miR-486-5p could inhibit the proliferation of A549 cells, at least in part, by regulating the cell cycle (Figure 7c ). However, the exact mechanism underlying this finding is not yet clear and requires additional investigation.
In order to further verify the miRNA expression cassettes function by expressing the upstream sense, rather than the mutation downstream from antisense, of the target gene. Expression cassettes #012, #013, #014, #015, and #016 were designed by mutating sense or antisense. As shown in Figure 8 , we found the mutation of the miR-486-3p sense sequence; in this case, the miRNA expression cassettes still resumed their prominent roles in relation to the target gene. However, with the mutation of the miR-486-5p sense sequence, the miRNA expression cassettes lost their function to the target genes and cell cycle. From the results, we surmise that for some miRNAs, the mutation of the miRNA seed region sequence may have either a substantial, no, or little impact on the miRNA target function.
Discussion
The Discovery of Complementary miRNA Pairs had a Huge Impact on Traditional Methods
Researchers who have conducted previous studies in this field usually pay more attention to the specific miRNA activity being suppressed as the aberrant, high-level expression of certain miRNAs, which is frequently associated with the development of human cancers [10, 14, 16] . However, recent studies have shown that many miRNAs that function as potent tumor suppressors exhibit significant downregulation during cancer development [19, 22, 38] . It is indispensable to establish a method for the long-term overexpression of specific miRNA activity. Although chemically modified, double-stranded RNA miRNA mimics or angmir, which mimic endogenous miRNAs and pri-miRNA (usually expressed via RNA polymerase II or III) were used to overexpress miRNA in a study of their function [49] [50] [51] [52] . Furthermore, studies of complementary miRNA pairs were also conducted. Based on our findings, we doubt the accuracy of traditional methods examining miRNA overexpression. Therefore, in our study, we chose miR-486-3p and miR-486-5p, which are complementary to each other, to verify the accuracy those methods. As shown in our study, miR-486-3p and miR-486-5p were significantly overexpressed in A549, H460, and HeLa cells, irrespective of whether the miR-486-5p or miR-486-3p mimics were transfected. These mimics were respectively overexpressed as well. Even more interesting is the fact that the target gene, which was downregulated by miR-486-5p, was also reduced by the transfection of miR-486-3p. We further discuss a method that used the pri-miRNA, which is expressed via RNA polymerase II. We found that the overexpression of miR-378-5p and miR-378-3p was detected, and that their associated target genes (as reported in previous studies) were also downregulated through the overexpression of pri-miR-378. Nevertheless, with respect to pri-miR-486, the overexpression of miR-486-5p was detected with no change in miR-486-3p. In all, the traditional methods adopted to overexpress miRNA is difficult to receive prospective specific miRNA activity increasing.
Interaction between Complementary miRNA Pairs may Play New Regulatory Roles
RNAi technology has been studied in detail and widely exploited, and usually utilizes shRNA, which shares the same process mechanisms with pri-miRNA to modulate gene expression [10] . We designed many miRNAexpression cassettes in an attempt to achieve the correct approach to overexpress specific miRNA activity. The miRNA-expression cassettes usually take the mature sequence of miR-486-5p or miR-486-3p as the sense strand. When the antisense strand as their corresponding complementarity, the miRNA-expression cassettes all have influence on the cell cycle and cell apoptosis with no change or upregulate of the target gene of miR-486-3p and miR-486-5p reported by previous research and the expression of sense and antisense all can be detected. We are perplexed by these results, as there was an absence of target gene co-expression regulation of sense and antisense. We suppose that this function is the result of an interaction between sense and antisense; however, the detailed mechanism requires further exploration [30] . We also conclude that the overexpression of sense upstream in the miRNA expression cassettes may play a major role in target gene downregulation, while antisense overexpression inhibits the roles of sense, supporting the design principles of shRNA. This suggests that the sense strand comes first, followed by the spacer, and then the antisense strand [46] .
Complementary miRNA Pairs are Mutually Regulated
Furthermore, we also designed the miRNA expression cassettes, including antisense with mutations. With the antisense mutations being achieved according to the rules of T to C and A to G, the specific miRNA overexpression was testified in A549, H460, and HeLa cells. By adopting this approach, we suggest that according to the mutation rules (T to C and A to G), the bases of the antisense were mutated downstream, but with the presumption that the structure of the stem-loop was not broken down. With the destruction of the stemloop, the sense and antisense might not be expressed and the shRNA or miRNA expression cassettes will lose their function. Moreover, the overexpression level of miRNA decreases to a greater degree with increases in the number of mutations in the antisense. The target gene of miR-486-5p is downregulated in cells that overexpress miR-486-3p. One point to note from our findings was that with the overexpression of miR-486-3p, the expression of miR-486-5p decreased. Conversely, increases in the multiple overexpression of miR-486-3p was also associated with the significant downregulation of miR-486-5p. This finding supports the results of a previous study, which proposed that the interaction between miRNA, its miRNA*, and other miRNA pairs with potential binding events may demonstrate evidence for a possible mutual regulatory pattern in a complex regulatory network [30, 31] .
The Mutation of the Seed Sequence of Certain miRNA May have Little Impact on its Function
Previous studies have shown that the region known as the seed sequence is considered to be a 6-8 nt long substring within the first 8 nt at the 5'-end of the miRNA [53, 54] . It is regarded as the most important feature for target recognition by miRNAs in mammalians [55, 56] , as mutations in the seed regions of human miRNA usually lead to the development of many diseases by impacting miRNA biogenesis and resulting in a significant reduction of mRNA targeting [57, 58] . However, Recent studies also have revealed roles for miRNA sequences beyond this region in specifying target recognition and regulation [59] . In our study, we found that the effect of miR-486-3p never completely disappeared with mutations in the miRNA seed sequence, which is contrary to the expectation where the target gene would still be downregulated. While mutations of the miR-486-5p seed sequence, along with a loss of function, did not inhibit the proliferation and cell cycle of A549, particularly when two locus mutations were present in the seed sequence of miR-486-5p. Our results just support the two views at the same time. Given these properties, the methods used to achieve specific miRNA overexpression will be very useful for future studies in miRNA biology, as well as in the design of novel human gene therapies. 
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